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DISCLAIMER

This report is a work prepared by the United States Government by
Battelle. In no event shall either the United States Government or Battelle have
any responsibility or liability for any consequences of any use, misuse, inability to
use, or reliance upon the information contained herein, nor does either warrant or
otherwise represent in any way the accuracy, adequacy, efficacy, or applicability
of the contents hereof.
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Draft Guidance Report
on
Criteria for Designation of Equivalence Methods for
Continuous Surveillance of PM, s Ambient Air Quality

Introduction

This report describes the proposed methodology and criteria for labeling a continuous
particulate matter (PM) sampler as being equivalent to Federal Reference Method (FRM) samplers
for sampling PM; 5. The methodology employed adheres to EPA regulatory requirements for
designation of federal reference and equivalent methods for PM; 5 sampling as defined in 40 CFR
Part 53. Under 40 CFR Part 53, continuous samplers are defined as a Class III candidate method
of sampling:

Class Il equivalent methods include any candidate PM; s methods that cannot
qualify as either Class | or Class Il. This class includes any filter-based integrated
sampling method having other than a 24-hour PM, s sample collection interval
followed by moisture equilibrium and gravimetric mass. More importantly, Class
111 also includes filter-based continuous or semi-continuous methods, such as beta
attenuation instruments, harmonic oscillating element instruments, and other
complete in situ monitor types. Non-filter-based methods such as nephelometry or
other optical instruments will also fall into the Class Il category.

Because a wide variety of possible candidate sampling methods fall into the Class II1
designation, testing procedures and performance requirements must be individually designed and
adapted for the specific sampler method of interest. In 40 CFR Part 53, U.S. EPA regulations state
that the specific test procedures and performance requirements for each Class III candidate method
should be determined on a case-by-case basis upon request, in connection with each proposed or
anticipated application for a Class III equivalent method determination. This report provides
details and guidance on the proposed criteria for establishing equivalence of a continuous PM; s
sampler with FRM samplers. More detailed information on the derivations of the equivalency
criteria are provided in Appendix A.

Additional related information on the National Ambient Air Quality Standard (NAAQS)
and reference method for PM; s are defined in 40 CFR Part 50 and the network requirements for
surveillance of ambient air quality at State and Local Air Monitoring Stations (SLAMS) are
detailed in 40 CFR Part 58.

Sampling Requirements
To determine the equivalency of a candidate continuous sampler (uniquely specified by

manufacturer, brand, and model number) relative to the FRM sampler, daily concentration data
need to be obtained from PM, s samples collected from co-located candidate and FRM samplers at
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multiple sites. To support an equivalence evaluation, the data collection process involving
co-located samplers needs to adhere to the following requirements:

e Three (3) to five (5) candidate samplers will be co-located with three (3) FRM
samplers. This number of FRM samplers is consistent with existing requirements and
improves on the ability to identify statistical outliers in daily concentrations.

e Within a given season of the year, each sampler will be run daily for a target of 30 days
(with at least one site having samples collected in multiple seasons).

e On a given day, the required sample collection period for each sampler will be a
minimum of 22 hours. Although the recommended sampling period for FRM samplers
is 23 to 25 hours, EPA has lowered the minimum sampling period to 22 hours for
purposes of this equivalency evaluation in order to allow sufficient time to change out
samplers and to perform necessary maintenance between sample runs.

e On a given day, valid data must be available for at least two (2) FRM samplers and at
least two (2) candidate samplers in order for any data associated with the day’s sample
collection to be used in the equivalency evaluation.

e Each sampler at a given site will produce valid measurements on at least 75 percent of
the sampling days in a given season. For a 30-day sampling period, this corresponds to
a minimum of 23 days per season.

e The acceptable concentration range of sample data is 3 pg/m’ to 200 ug/m’. Although
previous PM; s method designations had a minimum concentration requirement of
10 pg/m’ due to concerns about large variations in measurements as one approached
zero as well as a desire to test at higher concentrations, recent experience has shown
that testing at the higher range is not as representative as it used to be, and fairly
repeatable concentrations can be obtained at low concentrations. Thus, the minimum of
3 pug/m’ is consistent with proposed edits of 40 CFR Part 58, Appendix A.

Data collection will be replicated at multiple sites to ensure that the sampling is representative of
different aerosol types. Furthermore, for at least one site, sampling will occur in at least two
distinct seasons of the year. The above sampling requirements will hold across seasons for each
site.

Appendix A outlines the development of the specific criteria in this report. Appendix B

discusses concerns regarding the potential for a seasonal component to the variability of the
concentrations, the expected minimum concentration CV, and related assumptions.
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Notation and Intermediate Formulas

In the presentation that follows, the following notation is used:

D = number of sampling days. (As noted above, D must be at least 23 within a given
season.)

ti = number of FRM samplers utilized in the evaluation that have valid sample
concentrations reported on the i sampling day (i=1, ..., D). Possible values of t;
are 2 or 3.

k; = number of candidate samplers utilized in the evaluation that have valid sample
concentrations reported on the i sampling day (i=1, ..., D). Possible values of k;
are 2 through 5.

h
FRM;; = concentration reported on the i sampling day (i=1, ..., D) from the jt FRM
sampler (j=1, ..., t;) that had a valid concentration reported on that day.

h
Candi’j = concentration reported on the i sampling day (i=1, ..., D) from the jt candidate
sampler (j=1, ..., ki) that had a valid concentration reported on that day.

Using this notation, intermediate formulas used in determining equivalency of a candidate sampler
are as follows. These formulas are presented in a form that can be easily applied within standard
spreadsheet packages.

1. The arithmetic mean of the valid sample concentrations originating from the FRM
h
samplers on the i sampling day (i=1, ..., D) is calculated as follows:

. Eq. 1
FRM_daily mean :%ZFRMJ (Eq. 1)

i =t

2. The arithmetic mean of the valid sample concentrations originating from the candidate
h
samplers on the i sampling day (i=1, ..., D) is calculated as follows:

. 1< (Eq.2)
Cand_daily mean =?2Canq j
i j=l
3. The overall mean of the D daily means associated with the FRM sampler is computed

as follows:

1 & .
Overall mean=—:)» FRM daily mean, )
- p " & FRM _daily_mean, (Eq. 3)
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4. The root mean square of the D daily means associated with the FRM samplers is
computed as follows:

D D 2
D-> (FRM _daily _mean, )’ —(z FRM _daily_meani]
FRM _RMS = = =t . (Eq.4)

D2

This formula is equivalent to the square root of the mean of the D squared deviations
between the daily means and the overall mean for the FRM sampler.

5. The root mean square of the D daily means associated with the candidate sampler is
computed as follows:

D D ?
D-> (Cand _daily _mean, )’ - (z Cand _daily _mean, J (Eq. 5)
Cand RMS = = = At

D 2
6. The coefficient of variation (CV) of a set of reported measurements is equal to the
standard deviation divided by the mean. The CV of the valid sample concentrations

associated with the FRM samplers on the ith sampling day (i=1, ..., D) is calculated as
follows:

g

i 2
t > (FRM, ) - [i FRM i,j]
j=1

J:

FRM _daily CV, = ! .
FRM _daily _mean, t(t, - 1)

_ (Eq. 6)

7. The CV of the valid sample concentrations associated with the candidate samples on the

ith sampling day (i=1, ..., D) is calculated as follows:

K 2 K, 2
(Cand . ) - (Z Cand | )J
i1

ki (ki - 1)

k.

Cand _daily _CV, = ! I
Cand _daily _mean,

. (Eq. 7)

Requirements and Guidelines on the Collected FRM Concentration Data
Requirement on Precision: In this context, precision is calculated as the square root of the

mean of the squared daily CVs associated with a given site. The precision associated with the
FRM sampler data is calculated as:
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D
(FRM _daily _Cv, )’
i=1

FRM _ prec =1/-

5 (Eq. 8)

The precision of the FRM sampler data is required to be no greater than 7 percent in
order to allow any data collected at that site (including data associated with the candidate sampler)
to be used in the equivalency evaluation.

Guideline on Concentration Coefficient of Variation (CCV): The CCV is defined as the
CV of the D daily means associated with the FRM samplers at a given site. It is computed as
follows:

D D 2
D-> (FRM _daily _mean, )’ - (z FRM _daily mean, j
i=1 i1 . (Eq.9)

l_meanj. D-(D-1)

CCV =

[Overall

For the equivalence evaluation, sampling sites and/or seasons should be chosen to
maximize the likelihood that the value of CCV within each site will be at least 0.35. Note that this
lower limit on the value of CCV represents a target rather than a requirement.

Conditions for Equivalency of a Candidate Sampler

From the daily sample concentration data to be collected from the co-located samplers at a
given site, the following four essential measures will be calculated:

Precision
Correlation
Multiplicative bias
Additive bias.

A candidate sampler needs to achieve specified criteria placed on each of these four measures in
order to be classified as equivalent to the FRM sampler. Values for these four measures are
calculated separately for each site, and the candidate sampler needs to achieve the specified criteria
at each site.

Using the notation and intermediate formulas above, formulas are presented below that
specify how each of these four measures is calculated, and the criteria that the calculated measures
need to satisfy are presented with the formulas. Detail is provided in Appendix A on the derivation
of these formulas and the determination of the equivalence criteria. In calculating the four
equivalency measures, true daily PM; s concentrations at a given site are estimated from the daily
means associated with the FRM samplers.
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Precision: Similar to the definition given in Equation 8 above, the precision associated
with the candidate sampler data is calculated as:

D

> (Cand _daily _CV,)’

Cand _ prec =/~ 5 . (Eq. 10)

The precision of the candidate sampler data most be no greater than 15 percent in order for the
candidate sampler to qualify for equivalency classification.

Correlation: Correlation in the daily means between the FRM and candidate samplers is
calculated as follows:

i i-1 i=l

r =

D D D
DY (FRM _daily mean, -Cand _daily mean, )- (Z FRM _daily mean, j ~ (z Cand _daily mean,
=1

J

2
D>.Cand RMS-FRM _RMS (Eq. 11)

The value of this correlation must exceed the following lower bound, determined by the value of
the CCV for the FRM sampler (Equation 9), in order to qualify for equivalency classification.

0.93 if CCV<0.3
Correlation lower bound(CCV)=:0.87+0.2-CCV if 0.3<CCV <04 (Eq. 12)
0.95 if 0.4<CCV

Thus, the value of this lower bound is determined by the value of CCV. It equals 0.93 when CCV
is no higher than 0.3, increases linearly from 0.93 to 0.95 as the value of CCV increases from 0.3
to 0.4, then equals 0.95 for all values of CCV above 0.4. Details on the derivation of this lower
bound are given in Appendix A.

Multiplicative bias: The multiplicative bias is calculated as the correlation (Equation 11)
multiplied by the ratio of the root mean squares between the candidate and FRM samplers

(Equations 6 and 7):

_ . Cand _RMS
" FRM _RMS (Eq. 13)
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The multiplicative bias associated with the candidate sampler must fall between 0.90 and 1.10 in
order for the candidate sampler to qualify for equivalency classification.

Additive bias: The additive bias is dependent on the daily means associated with the
candidate sampler (Equation 2), the overall mean associated with the FRM sampler (Equation 3),
and the calculated value for multiplicative bias (Equation 12). The formula for additive bias is as
follows:

D
a= [% . Z Cand _daily mean, j —Db-Overall _mean (Eq. 14)

i=l

The additive bias associated with the candidate sampler must fall between a;(b) and a,(b) in
order to qualify for equivalency classification. These lower and upper bounds, which are linear
functions of the multiplicative bias (b), are as follows:

a;(b) = 15.05 — 0.92(18.8)b = 15.05 — 17.31b (Eq. 15)
a(b) = 15.05 — 1.08(12.2)b = 15.05 — 13.20b (Eq. 16)

Details on the derivation of this acceptance region are given in Appendix A.

Example

As an illustrative example, the equivalence evaluation process described above has been
applied to the set of simulated PM,; 5 concentration data presented in Table 1. In this example,
which is a simulation and not based upon actual data, three co-located samplers of each type
(candidate and FRM) were placed at a single site. Sampling occurred within two distinct seasons
of the year. Within each season, valid data from 23 runs were available for a total of D=46 days.
As seen within Table 1, all reported daily concentrations fell within the required range of 3 pg/m’
to 200 pg/m’ except for the candidate samplers on Day 4. All data were deemed valid for use in
the evaluation.

For both the candidate and FRM sampler types within each site, daily means and CVs
were calculated across co-located samplers from the data reported in the first six columns of
Table 1, using Equations 1, 2, 6, and 7 above, and these statistics are reported in the last four
columns of Table 1. The overall FRM mean (Equation 3) is the mean of the daily means for the
FRM samplers across all sampling days, and the value of this statistic are given in the second row
of Table 2. Within the last three rows of Table 2, the calculated root mean square (Equation 4),
the precision calculation (Equation 8), and the CCV (Equation 9) for the FRM samplers are
presented. Note from the third row of Table 2 that FRM precision achieves the requirement of
being below 7 percent. In addition, the value of CCV (last row of Table 2) is above the target of
0.35.

Draft Criteria for PM, 5 Equivalency 7 September 30, 2004



Table 3 reports the results of statistics calculated on the candidate sampler data.
Specifically, rows 3 through 6 of this table represent the four measures used to determine
equivalency of the candidate sampler relative to the FRM sampler. The findings reported in
Table 3 are as follows:

e The precision value is 15 percent, and therefore, the precision criterion is achieved.
e Because the value of CCV (Table 2) is above 0.4, the lower bound on the correlation is
0.95. The correlation value exceeds 0.95 and, therefore, the correlation criterion is

achieved.

e Multiplicative bias is within the range of 0.90 to 1.10 and, therefore, the criterion for
multiplicative bias is achieved.

e @Given the value of multiplicative bias, additive bias falls within the range of (-3.3, 1.1)
and, therefore, the criterion for additive bias is achieved.

By applying the data reported in this example to the evaluation criteria presented earlier, the
candidate sampler would have been declared equivalent to the FRM sampler.
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Table 1. Listing of Simulated PM, s Concentration Data (Lg/m®) Used in Example

Daily Concentrations Daily Means and CVs
FRM Samplers Candidate Samplers FRM Samplers | Candidate Samplers
Run| #1 | #2 | #3 # | #2 | #3 | Mean | CV Mean | cCV
Season 1
1 6.4 5.8 6.6 55 5.0 3.7 6.3 0.066 4.7 0.196
2 6.9 6.4 7.2 4.4 6.5 4.3 6.8 0.059 5.1 0.245
3 5.6 5.9 5.6 4.5 3.5 4.3 5.7 0.030 4.1 0.129
4 4.4 4.4 4.5 2.7 2.4 2.2 4.4 0.013 2.4 0.103
5 7.9 8.9 8.4 7.5 6.0 7.6 8.4 0.060 7.0 0.127
6 8.0 7.7 8.2 7.2 5.8 6.3 8.0 0.032 6.4 0.110
7 9.0 10.3 9.1 5.4 10.4 8.3 9.5 0.076 8.0 0.313
8 16.9 186 | 15.8 | 16.2 17.8 15.6 17.1 0.082 16.5 0.069
9 10.3 10.2 | 115 9.6 10.8 7.6 10.7 0.068 9.3 0.173
10 11.1 11.7 11.6 10.9 8.6 12.5 11.5 0.028 10.7 0.184
11 | 10.9 10.7 | 105 | 119 8.6 10.1 10.7 0.019 10.2 0.162
12 11.2 10.9 11.0 9.1 9.5 12.0 11.0 0.014 10.2 0.154
13 10.2 10.2 10.2 9.2 8.5 8.4 10.2 0.000 8.7 0.050
14 5.3 5.6 5.5 3.6 4.2 2.8 5.5 0.028 3.5 0.199
15 7.8 8.8 8.5 5.0 6.7 5.5 8.4 0.061 5.7 0.152
16 5.6 6.4 6.2 5.3 4.5 5.3 6.1 0.069 5.0 0.092
17 11.3 10.2 10.8 7.8 8.7 9.3 10.8 0.051 8.6 0.088
18 7.0 7.9 7.1 6.3 4.5 6.9 7.3 0.067 5.9 0.212
19 6.6 6.0 6.0 4.7 54 4.0 6.2 0.056 4.7 0.149
20 6.1 6.3 6.4 5.7 54 4.3 6.3 0.024 5.1 0.144
21 6.7 6.3 7.3 4.3 5.6 7.6 6.8 0.074 5.8 0.285
22 9.8 9.1 9.4 7.4 7.7 10.3 9.4 0.037 8.5 0.188
23 12.5 13.5 14.1 154 12.4 10.3 13.4 0.060 12.7 0.202
Season 2
24 16.4 16.1 15.0 15.0 18.1 19.4 15.8 0.047 17.5 0.129
25 | 26.7 222 | 244 | 212 20.8 20.0 24.4 0.092 20.7 0.030
26 | 125 10.5 | 10.0 | 10.8 10.1 11.0 11.0 0.120 10.6 0.044
27 15.6 15.0 14.9 11.5 16.1 13.9 15.2 0.025 13.8 0.166
28 | 20.8 22.2 | 204 | 20.8 17.3 19.9 21.1 0.045 19.3 0.094
29 | 197 20.3 | 20.0 | 22.8 17.6 22.4 20.0 0.015 20.9 0.138
30 5.4 5.2 5.3 3.6 3.1 4.3 5.3 0.019 3.7 0.164
31 7.0 7.3 6.9 4.8 7.2 5.9 7.1 0.029 6.0 0.201
32 17.1 14.9 16.1 15.9 17.4 15.5 16.0 0.069 16.3 0.062
33 12.5 12.6 11.3 10.9 8.4 11.5 12.1 0.060 10.3 0.160
34 9.7 10.1 10.1 9.1 9.6 7.9 10.0 0.023 8.9 0.099
35 14.8 154 16.3 134 14.6 14.1 15.5 0.049 14.0 0.043
36 19.4 19.7 19.8 18.5 15.9 18.5 19.6 0.011 17.6 0.085
37 17.1 15.7 17.0 14.0 18.1 18.2 16.6 0.047 16.8 0.143
38 14.1 14.2 14.0 17.2 16.9 14.0 14.1 0.007 16.0 0.110
39 11.6 10.8 11.0 10.2 8.1 10.6 11.1 0.037 9.6 0.139
40 12.5 12.7 13.6 11.3 12.7 10.6 12.9 0.045 11.5 0.093
41 11.1 11.6 12.0 10.8 8.5 11.9 11.6 0.039 104 0.167
42 14.2 14.3 14.9 13.4 13.6 14.6 14.5 0.026 13.9 0.046
43 | 22.8 23.5 20.3 24.3 17.9 22.0 22.2 0.076 21.4 0.151
44 14.4 17.3 16.6 17.1 19.7 15.9 16.1 0.094 17.6 0.111
45 18.2 18.9 17.1 19.7 22.2 17.0 18.1 0.050 19.6 0.132
46 17.2 20.6 19.5 19.5 17.5 17.0 19.1 0.091 18.0 0.073
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Table 2. Statistics Calculated from the FRM Sampler Data

Overall Mean (Equation 3) 11.95 pg/m®

RMS (Equation 4) 5.05

Precision (Equation 8) 0.055

CCV (Equation 9) 0.427

Table 3. Statistics Calculated from the Candidate Sampler Data

RMS (Equation 5) 5.44
Precision (Equation 10) 0.150
Correlation (Equation 11) 0.981
Multiplicative bias (Equation 12) 1.058
Additive bias (Equation 13) -1.692
Lower gnd upper bounds on additive bias (-3.3, 1.1)
(Equations 15 and 16) '
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APPENDIX A:

DERIVATIONS OF THE EQUIVALENCY CRITERIA
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Appendix A: Derivations and Justifications for the Equivalency Criteria

This appendix outlines the main calculations performed in developing the specific
equivalency criteria. It provides supplemental information that is not needed for applying the
criteria, but should be useful in finalizing the criteria.

Recall that four measures will be calculated when determining whether a continuous
PM, 5 sampler can be classified as equivalent to FRM samplers:

Precision
Correlation
Multiplicative bias
Additive bias.

Data to be used in calculating these measures will be generated by collecting samples
from three co-located FRM samplers and three to five co-located candidate samplers (of the
same type, brand, and model) at multiple sites over approximate 30-day periods in a given
season. For at least one site, sampling will occur in at least two distinct seasons of the year.

Expected Population Variability

The quality of the criteria estimates and, in the case of the correlation, the magnitude of
the estimate, is affected by the variability associated with the true PM, s concentrations at the
given site. For this reason, variability has played a key role in the DQO development process for
PM, s and has become a widely-studied topic of interest. Historical estimates can be used for
selecting sites and setting reasonable expectations for the equivalency criteria development.

The DQO model for PM, 5 features three factors for characterizing variability in the
underlying population:

e population coefficient of variation (CV)
e autocorrelation
e seasonality ratio.

Data for a site are modeled with autocorrelated, log-normally distributed random
deviations with a constant CV from a sinusoidal curve having a period of one year. The
parameters for the sinusoidal curve, the autocorrelation, and population CV were all evaluated at
the site level using data collected from 1999 though 2001 (Coutant and Holloman, 2003). This
allowed for locally relevant evaluations of the DQOs and national evaluations based on the
extremes in the parameter estimates. To set expectations for equivalency testing, the ranges and
median of these parameter estimates should be considered.

Figures A-1 through A-3 show the distributions of the parameter estimates. Figure A-1

shows that approximately 95 percent of all the sites in the network had monthly means that
differed by at least a factor of 1.5. Figure A-2 shows that approximately 95 percent of all the
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sites had a population CV estimate greater than 40 percent. The sites that do not sample daily
were automatically given an autocorrelation estimate of zero. Figure A-3 shows the distribution
of the non-zero autocorrelation estimates. The autocorrelation acts to reduce the observed CV
for time intervals that are short compared to the annual period. Hence, for any given site and
month, a CV of 30 percent should be close to the minimum (Appendix B). However, by
choosing samples from different seasons, the seasonality effect can be used to obtain a larger CV
across the data from a specific site.

Seasonal Ratio Est. from 1999-2001 Data
30 T T T T T T T 1

Percent of Sites
s
I
|

10 [~ 1

|
25 3 35 4 45 5 55 6 65 7

75 8

Ratio

Figure A-1. The distribution of the estimated PM, s seasonality ratios from 1999 to 2001
data.
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Population CV Est. from 1999-2001 Data
10 | | | | | | | | | |

Percent of Sites

Figure A-2. The distribution of the estimated PM, ;s population CV (after removing
seasonality) from 1999 to 2001 data.

Non-zero Autocorrelation Estimates
4 T T T T T T T T

Percent of all sites

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Autocorr. (after removing seasonality)

Figure A-3. The distribution of the non-zero estimates of PM, ;s autocorrelation (after
removing seasonality) from 1999 to 2001 data.
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Expected Correlation and Candidate Sampler Precision

Correlation is a measure of how well a linear error model fits the data. While unlikely,
samplers with seasonal differences in how well they predict the FRM measurements could fail to
meet the correlation requirement even though they may have total square errors less than the
amounts implied by the other requirements. This is, in fact, a desirable characteristic of the
criteria. The reason is that significant seasonal effects would require extensive testing (at least a
year per site) to assure that the sampler would always be within a reasonable range of an FRM.
On the other hand, consistent biases are much easier to estimate and control. Given that the aim
is to have equivalency testing criteria that can be done with much less than a year of data, this
property is desirable.

The expected correlation between the daily means of n; reference samplers with precision
o, N candidate samplers with precision 6. and over a period with a population CV (estimated by

CCV, Equation 9) of t, can be written as follows:

1

\/{1+afrt~(l+ru2)]ﬂl+afnlz~(1+ru2)ﬂ (Eq. A-1)

This formula is derived in Mosquin and McElroy (2004). Notice that this formula is dependent
on the population CV.

Figure A-4 shows plots of the expected correlation for three reference samplers with a
precision of 5 percent and three candidate samplers with a precision of 15 percent over a range of
population CVs. This shows the sharp dependency on the population CV below 40 percent and
the relative insensitivity to the number of FRM samplers. Figure A-5 shows the case for three
reference samplers with a precision of 5 percent and three candidate samplers with a precision of
10 percent. In this case, the sensitivity to the population CV is much reduced. This is one of the
reasons for setting the limit on the candidate precision to, at most, 15 percent. The reason for the
limit is not driven by how well the NAAQS decision can be made, but rather how well one can
estimate the parameters that do effect the NAAQS decision.

Figure A-4 also shows the proposed lower limit on the correlation, calculated as follows:

0.93 if CCV<0.3
Correlation lower bound(CCV)=:0.87+0.2-CCV if 0.3<CCV <04 (Eq. A-2)
0.95 if 0.4<CCV

where CCV is the population CV estimate for the site. For a fixed sampler precision it will be
both to EPA’s and the manufacture’s benefit to choose sites for equivalency testing that are
expected to have a large population CV (above 40 percent). This would provide for some
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Figure A-4. Expected correlation between 46 daily means of three FRM samplers and
three candidate samplers with a precision of 15 percent.
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Figure A-5. Expected correlation between 46 daily means of three FRM samplers and
three candidate samplers with a precision of 10 percent.
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sampling error in the correlation estimate for the manufacture and as will be seen, will improve
the bias estimates for EPA.

The approximate lower bound of a 95 percent confidence interval shown in Figure A-4 is based
on the following transformation of the correlation, r:

transform (r,n)= rﬁ n—22 (Eq. A-3)
—r

where n is the number of sample pairs. This transformation is approximately distributed as a
Student t-distribution with n-2 degrees of freedom. (Note that both the correlation estimate and
the above transformation ignore the fact that the FRM samplers have a small amount of
measurement error.)

The Acceptance Region for the Additive and Multiplicative Bias

In Mosquin and McElroy (2004), a proposed acceptance region was derived for the
additive and multiplicative bias components. The proposed region was based on 1-in-6 day
sampling in order to account for increased error rate by local agencies. Because this was felt to
be too conservative, a corresponding region for 1-in-3 day sampling was derived and is presented
below.

The objective was to find combinations of additive and multiplicative bias that would
yield the same gray zone that had been established for the 1-in-6 day FRM samplers
(i.e., 12.2 pg/m’ to 18.8 pg/m’), but with a higher sampling rate. First, the DQO Companion
software tool (Battelle, 2003) was used to derive a gray zone for 1-in-3 day sampling assuming a
10 percent measurement CV and absolute bias. (All parameters were left at the default values
except for the sampling rate.) This yielded a gray zone that ranged from approximately
12.64 pg/m’ to 18.16 ug/m’. (Because the software tool uses random simulations, results will
vary among different runs.) From these results, the Sth and 95th percentiles were determined by
solving the following two equations for x and y:

15.05-18.16(0.9)x =0 (Eq. A-4)
15.05-12.64(1.1)y =0 (Eq. A-5)
Here, x =0.92 and y = 1.08.

Consequently, the same simulations can be used to derive the following acceptable range
of additive bias:

a;(b) = 15.05 — 0.92(18.8)b = 15.05 — 17.31b (Eq. A-6)

a(b) = 15.05 — 1.08(12.2)b = 15.05 — 13.20b (Eq. A-7)
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This resulted in a gray zone of 12.2 pg/m’ to 18.8 ug/m’ for a given multiplicative bias b
(Mosquin and McElroy, 2004)".

EPA has set the bounds on the multiplicative bias, b, to be £10 percent from 100 percent
(i.e., 0.9 <b < 1.1). Under this range, the box in Figure A-6 represents the region of values for
multiplicative and additive biases that will correspond to gray zones that range from 12.2 pg/m’
to 18.8 ug/m’ for 1-in-3 day sampling. The gray zones for the daily sampling with the
continuous instrument will be tighter.
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Figure A-6. Acceptance range for the additive and multiplicative bias components.

" The calculations to obtain the functions in Equations A-6 and A-7 were done with the full precision and rounded at

the end, not at the intermediate steps shown.
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Approximate Standard Errors for the Additive and Multiplicative Bias Components

Table A-1 displays approximate standard errors for the bias components. The formulas
used are variations on the usual formulas for the standard errors of linear regression slope and
intercept. (Casella and Berger, 1990).

Table A-1. Approximate standard errors for slope and intercept estimates.

Intercept (pglms) Slope

Numb_er of | Candidate Number Conc. Overa!l Appr_OX- AppI:OX.
Candidate | Sampler of Days | v . | Population Approx. | Radius | Approx. | Radius
Samplers Precision Sampled cVv Standard of 95% Standard of 95%

Error Conf. Error Conf.
Interval Interval

3 10.0% 23 10 30% 0.42 0.82 4.0% 7.9%

3 10.0% 23 10 50% 0.27 0.53 2.4% 4.7%

3 10.0% 23 20 30% 0.84 1.64 4.0% 7.9%

3 10.0% 23 20 50% 0.54 1.06 2.4% 4.7%

3 10.0% 46 10 30% 0.30 0.58 2.8% 5.6%

3 10.0% 46 10 50% 0.19 0.37 1.7% 3.3%

3 10.0% 46 20 30% 0.59 1.16 2.8% 5.6%

3 10.0% 46 20 50% 0.38 0.75 1.7% 3.3%

3 12.5% 23 10 30% 0.52 1.03 5.0% 9.8%

3 12.5% 23 10 50% 0.34 0.66 3.0% 5.9%

3 12.5% 23 20 30% 1.05 2.05 5.0% 9.8%

3 12.5% 23 20 50% 0.67 1.32 3.0% 5.9%

3 12.5% 46 10 30% 0.37 0.73 3.5% 7.0%

3 12.5% 46 10 50% 0.24 0.47 2.1% 4.2%

3 12.5% 46 20 30% 0.74 1.45 3.5% 7.0%

3 12.5% 46 20 50% 0.48 0.93 2.1% 4.2%

3 15.0% 23 10 30% 0.63 1.23 6.0% 11.8%

3 15.0% 23 10 50% 0.40 0.79 3.6% 7.1%

3 15.0% 23 20 30% 1.26 2.46 6.0% 11.8%

3 15.0% 23 20 50% 0.81 1.58 3.6% 7.1%

3 15.0% 46 10 30% 0.44 0.87 4.3% 8.3%

3 15.0% 46 10 50% 0.29 0.56 2.6% 5.0%

3 15.0% 46 20 30% 0.89 1.74 4.3% 8.3%

3 15.0% 46 20 50% 0.57 1.12 2.6% 5.0%
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If ngamplers 1S the number of candidate samplers and ngays is the number of days with valid
data, the standard error of the slopes and intercepts given in Table A-1 are calculated by:

(Eq. A-8)

SE(b) = (Overall sample mean)* - (Candidate sampler measurement CV)?
(Standard deviation of the daily concentrations)® - n ‘n

samplers days

SE(a) = SE(b)- \/ (Overall sample mean)* + (Standard deviation of the daily concentrations)*
(Eq. A-9)

The usual least squares assumption that the independent variable is measured without
error does not strictly hold, but should not be grossly incorrect. Also, these calculations assume
that the multiplicative bias is approximately 1 and that the intercept is approximately 0 and,
therefore, should be interpreted only qualitatively. However, assuming a goal of a 5 percent
radius for a 95 percent confidence interval for the slope, then a combination of a 10 percent
measurement precision and a site with a 50 percent concentration CV during a single month is
sufficient. Otherwise, the two-season sampling (which is needed for other reasons) is needed to
achieve that goal.
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APPENDIX B:

THE DISTRIBUTION OF MONTHLY CONCENTRATION CVS
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Appendix B: The Distribution of Monthly Concentration CVs

In the course of developing the equivalency criteria, there was concern that due to the
known seasonality effect on PM; s concentrations, there would be a seasonal component to the
variability of the concentrations. There was also concern about the minimum concentration CV
that could be expected. While the possibilities were not extensively investigated, the plots in this
appendix and previous work in verifying the assumptions made in the DQO development should
help alleviate some of these concerns.

It should be noted that the DQO development for PM, 5 assumes that there is a very
specific seasonal component to the population, namely that for fixed sites, the coefficient of
variation about the seasonal curve is constant. Over periods relative to the annual cycle
(e.g., one month), this should translate into a constant CV. To simultaneously investigate both
issues, the monthly CVs were calculated from the collected 2003 data that was downloaded from
AQS the first week of July 2004. The first graph that follows shows the distribution of all of
these monthly CVs. From this illustration, one can see that 30 percent is a reasonable lower
bound. The remaining graphs show the distribution of the CVs restricted to each calendar
month. These show that the overall distribution did not change much from month to month
during the year.

Note that because many of these sites only sample once every six days, the bin
classifications for any given site and month are not certain. These data should only be reviewed
in aggregate, and not at site level. Site selection should be based on several years” worth of data,
preferably restricted to sites with higher sampling frequencies.
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